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ABSTRACT 
The thesis entitled “Towards the Synthesis of C15-C27 fragment of Venturicidin X, 
Denticulatin and Development of Novel Methodologies” is divided into three chapters. 
CHAPTER I:  Towards the synthesis of Venturicidin. 
SECTION A:  This section describes biological importance of some antibiotic molecules and 
earlier synthetic approaches to C15-C27 fragment of Venturicidin X. 
SECTION B:  This section comprises present work, the efforts towards the synthesis of C15-
C27 fragment of Venturicidin X. 
CHAPTER II:  Towards the synthesis of Denticulatin. 
SECTION A:  This section describes some Ichthyotoxic molecules and earlier synthetic 
approaches for the synthesis of Denticulatin. 
SECTION B:  This section comprises present work, the efforts towards the synthesis of 
Denticulatin. 
Chapter-III:  BiCl3 catalyzed cycloaddition reactions. 
Section A:  This sections deals with the brief review on BiCl3 and Intramolecular hetero-
Diels-Alder (IMHDA) reactions.  
Section B:  A Novel Synthesis of Hexahydrodibenzo[b,h][1,6]naphthyridines: 
Bismuth(III) Chloride-Catalyzed Intramolecular hetero-Diels-Alder 
Reactions.         
Section C:  Stereoselective Synthesis of Benzo-annelated Decahydrofuro[3,2-
h][1,6]naphthyridine derivatives: Intramolecular hetero-Diels-Alder reactions 
Catalyzed by BiCl3. 
 
Chapter I: C15-C27 fragment of Venturicidin X 
Section A: Venturicidin A & B were 20-membered antibiotics and are isolated from 
Streptomyces1 in early 60’s. Venturicidin X, aglycone of Venturicidin  was also isolated from 
Streptomyces in 1994.2 All three compounds are active against a variety of phytopathogenic 
fungi and inhibit the ATP synthetase system of mitochondria. Though the first synthesis of 
Venturicidins appeared in late eighties,3 they were among the first polyketide derived 
macrolides of known constitution and configuration. 
Section B: The successful synthesis of a complex molecule depends upon the analysis of the 
problem to develop feasible scheme of synthesis generally consisting of a pathway of synthetic 
intermediates connected by possible reactions for the required inter-conversions. The synthesis 
of C15-C27 fragment of Venturicidin X was envisaged from a bicyclic precursor, widely used 
by our group for the synthesis of various biologically active natural products.  
Synthetic strategy for  Venturicidin X 
The advantages of making use of a bicyclic precursor (endo, endo 2,4-dimethyl-8-
oxabicyclo[3.2.1]oct-6-en-3-one) are manifold (figure 1). The inherent rigidity of bicyclic 
intermediate facilitates functionalisation in a stereocontrolled fashion. The bicyclic compound 
has five stereogenic centres and two prostereogenic sp2 sites, which could facilitate further 
functionalisation. 
 
 
 
 
 
Retrosynthetic strategy for C15-C27 fragment of Venturicidin X 
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Figure 1 
The synthesis of C15-C27 fragment 1 is based on a sequence of reactions starting form 
bicyclic compound 5. The bicyclic olefin 5 was prepared by employing a (3+4) cycloaddition 
reaction of oxyallyl cation and furan followed by reduction and benzyl protection as reported 
by Yadav and co-workers.4 The hydroxyl group of compound 6 was then protected as its 
benzyl ether 5 using NaH and benzyl bromide.  
Asymmetric hydroboration of olefin 5 using (-)-diisopinocamphenylborane proceeded 
smoothly to give the alcohol 7 with high enantiomeric purity in 96% yield. The alcohol 7 was 
converted to the lactone 9 by a two step sequence, PCC oxidation of alcohol 7 followed by 
Baeyer-Villiger oxidation of the resulting ketone 8. Alkylation at the α-position of the lactone 
9 was achieved by treating it with methyl iodide in the presence of LDA in dry THF at –780C 
to give a compound 10. Now the attention was directed to the partial opening of lactone ring 
(scheme 1). 
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Scheme 1 
Having obtained the bicyclic lactone 10 with all the functionalities for the elaboration 
of C15-C27 fragment of 1, attention was directed to the opening of lactone.  Hydrolysis of 
lactone using catalytic amount of sulphuric acid in MeOH afforded the acetal 11 with a minor 
amount of the α-isomer (at C-1 centre). Compound 11 on treatment with LAH in THF resulted 
in alcohol 12. Iodination of 12 using molecular Iodine, TPP and imidazole afforded iodo-
compound 13 (scheme 2). 
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Scheme 2 
Various efforts to couple iodo compound 13 with 2-bromo propene 14 gave 
unsuccesful results. Similar efforts to couple triflate protected compound 155 of alcohol 12 
with 2-bromo propene also failed (scheme 3). 
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Scheme 3 
Trials to couple iodo compound 13 with diethyl malonate 16 under various reaction 
conditions remained unsuccessful (scheme 4).  
 
 
  
 
 
 
 
O IOMe
OBn
COOEt
COOEt
K2CO3/crown-ether
NaOMe
NaOEt
NaH
NaH/ HMPA
No Reaction+
13
16
 
Scheme 4 
Oxidation of compound 12 using IBX in DMSO afforded aldehyde 17. Wittig reaction 
of aldehyde 17 with carbethoxyethylidene triphenylphosphorane 18, in dry DCM under reflux 
conditions resulted in α,β-unsaturated ester 19 (scheme 5). 
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Scheme 5 
Ester 19 upon DIBAL-H reduction afforded allyl alcohol 20. α,β-unsaturated aldehyde 
21 was successfully prepared by oxidation of alcohol 20 by IBX oxidation method. 
Hydrogenation of 21 in presence of 3 equiv. of Na2CO3 using Pd/ C in ethyl acetate resulted in 
saturated aldehyde 22 as mixture of inseparable diastereomers. Aldehyde 22 upon aldol 
condensation6 with 3-pentanone in presence of TiCl4 in CH2Cl2 at –78 ºC afforded 
diastereomeric mixture of compound 23 that possess C15-C27 framework of Venturicidin X 
(scheme 6). 
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Efforts to complete the synthesis of C15-C27 fragment with minor manipulations are in 
progress in our group. 
Chapter II: 
Section A:  Denticulatin A and B were first isolated in 1983 by Faulkner’s group from 
Siphonaria denticulata, collected from the coast of New South Wales, Australia.7 Related 
polypropionate metabolites from pulmonate molluscs include muamvatin and siphonarin B. 
The siphonariid metabolites are characterised structurally as being highly substituted, 
tetrahydropyranyl acetals or hemiacetals containing 8 to 10 stereocentres. Their high level of 
oxygenation, with methylation at alternate carbons is indicative of their polypropionate origin. 
Indeed, biosynthetic studies have confirmed that the denticulatinss and siphontin & are 
produced by the linear combination of propionate units. While these marine natural products 
are related structurally and biosynthetically to the macrolide and polyether antibiotics of 
bacterial origin, they show negligible antimicrobial activity and their biological function is 
uncertain. 
Section B: We chose a strategy for the synthesis of Denticulatin 24 by disconnecting the 
carbon backbone at C9-C10, thus dividing the target in to two key fragments C1-C9 25 and 
C10-C17 26. Synthesis of C1-C9 fragment was envisaged from the known bicyclic lactone 10 
while C10-C17 fragment was planned to prepare from a simple starting material propanal 27. 
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Figure 2 
Synthesis of C1-C9 fragment 
The synthesis of C1-C9 fragment was envisaged using the aldehyde 17 reported in section B of 
chapter I. Aldehyde 17 upon Grignard reaction with ethyl bromide afforded alcohol 28. The 
acid hydrolysis of compound 28 using AcOH/H2O (2:1) at 55-65oC afforded the expected 
product 29. Oxidation of compound 29 using Dess-Martin periodinane failed. This prompted 
us to change the route and thus secondary alcohol of compound 28 was oxidized using IBX in 
DMSO to yield ketone 30. Efforts to perform acid hydrolysis of compound 29 using 
AcOH/H2O (2:1) resulted in inseparable mixture of undesired products (scheme 7). 
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Scheme 7 
Synthesis of C10-C17 fragment  
Wittig reaction of propanaldehyde 31 with carbethoxyethylidene triphenylphosphorane 18, in 
dry DCM under reflux conditions resulted in α,β-unsaturated ester 27. Ester 27 upon DIBAL-
H reduction afforded allyl alcohol 32. α,β-unsaturated aldehyde 33 was successfully prepared 
by oxidation of alcohol 32 by IBX oxidation method. Aldehyde 33 upon aldol condensation 
with 3-pentanone using TiCl4 in Hunig’s base resulted in compound 34. Protection of 
secondary alcohol of compound 34 as its xanthate followed by a radical reaction using Bu3SnH 
and AIBN resulted in the formation of C10-C17 fragment 26 of Denticulatin (scheme 8). 
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Scheme 8 
Efforts to complete the total synthesis of Denticulatin are in progress in our group. 
Chapter III: 
Section A:  This sections deals with the brief review on BiCl3 and Intramolecular hetero-
Diels-Alder (IMHDA) reactions. 
Section B: A Novel Synthesis of Hexahydrodibenzo[b,h][1,6] naphthyridines: Bismuth(III) 
Chloride-Catalyzed Intramolecular hetero-Diels-Alder Reactions. 
Tetrahydroquinoline derivatives constitute an important class of natural products 
displaying a wide range of interesting biological activities. The synthesis of these derivatives 
has been studied extensively in solution as well as on solid phase using [4+2] cycloaddition 
reactions. Recently bismuth(III) derivatives have emerged as  efficient catalysts in various 
organic transformations of interest because of their friendly ecological behavior. In 
continuation of our interest on intramolecular hetero-Diels-Alder reactions,8 we herein report 
highly efficient BiCl3 catalyzed [4+2] cycloaddition reactions of anilines 35 with the N-allyl 
derivative of o-aminobenzaldehyde 36, containing an electron rich olefin substituent, for the 
synthesis of a novel class of nitrogen heterocyclic compounds, 
hexahydrodibenzo[b,h][1,6]naphthyridine derivatives 37 and 37’(scheme 9). 
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Scheme 9 
Construction of N-allyl derivative of o-amino benzaldehyde 36 was achieved in five 
steps from anthranilic acid 38 (scheme 10).  
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Treatment of aniline 35a with the N-allyl derivative of o-aminobenzaldehyde 36 in the 
presence of 10 mol % BiCl3 in refluxing acetonitrile resulted in the formation of a mixture of 
two products 37 and 37’ as trans and cis diastereomers in a 1:1 ratio in 94% yield.  
In summary, a novel, mild and highly efficient method for the synthesis of 
hexahydrodibenzo [b,h][1,6]naphthyridine derivatives has been developed that relies on an 
intramolecular [4+2] cycloaddition reaction of an imine derived in situ from an o-
aminobenzaldehyde derivative  with aromatic amines. 
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Entry Substrate (amine) 35 R1 R2 Time (h) Overall yieldc 37 and 37' (%)
1 1a H H 2 94
2 1b CH3 H 2 92
3 1c Br CH3 1.5 94
4 1d H OCH3 2 90
5 1e H Cl 1.5 96
6 1f H F 1.5 93
7 1g OH H 2 90
8 1h H CH3 1.5 92
9 1i 1-Naphthyl amine 1.5 94
ble 1. BiCl3-catalyzed synthesis of hexahydrodibenzo[b,h][1,6]naphthyridinesa,b
aAll reactions were conducted in refluxing acetonitrile using 10 mol% BiCl3.
The products were characterized by MS, IR, 1H and 13C NMR spectra.
Yield refers to the 1:1 mixture of product diastereoisomers isolated after column chromatography.
 
Section C: Stereoselective Synthesis of Benzo-annelated Decahydrofuro[3,2-h][1,6] 
naphthyridine derivatives: Intramolecular hetero-Diels-Alder reactions Catalyzed by BiCl3. 
 Over recent years, intramolecular hetero-Diels-Alder (IMHDA) reactions have found 
extensive applications in numerous reactions of prominence in organic synthesis because of 
their economical, and stereocontrolled application in the synthesis of polycyclic skeletons9. 
These reactions allow formation of two or more rings at once at the expense of sequential 
chemical transformations. Furo[3,2-h][1,6]naphthyridine derivatives are rare and 
uninvestigated heterocyclic systems whereas, literature reports reveal a procedure for the 
synthesis of the furo[2,3-h][1,6]naphthyridine skeleton using Smiles rearrangement followed 
by cyclization10. 
 In continuation of our efforts, we herein describe our results on IMHDA reactions of 
imines generated in situ from an N-prenyl derivative 39 of a sugar aldehyde derived from D-
glucose and anilines 35 catalyzed by BiCl3. The reaction of different anilines 35 (with 39) in 
the presence of 10 mol % BiCl3 in MeCN furnish exclusively single stereoisomer of type 40 in 
85-96% yield (scheme 11).  
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Scheme 11 
N-prenyl derivative of a sugar aldehyde 39 was prepared from D-glucose 41 by 
following a sequence of 8 steps (scheme 12).  
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In conclusion, we describe a novel protocol for the synthesis of a chiral carbohydrate 
based heterocyclic system, derived from furo[3,3-h][1,6]naphthyridine as parent structure in 
good yields. The synthesis of ‘thia’ analogs of these derivatives is under progress and the 
results will be published in due course. 
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       3
S. No. Aniline 
     1
a
b
c
d
e
f
g
Yield (%)b)
96
94
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90
a) All products are new  and characterized by spectral data.
b) Yields after column chromatography.
c) 1-Naphthylamine. d) c = 1.0, CHCl3. e) c = 1.5, CHCl3.
Table: Synthesis of benzo-anulated decahydrofuro[3,2-h][1,6]naphthyridines
h 93
i 85
j 96
R1 R2
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